Abstract: Electronic commerce is expected to influence a wide range of supply chain systems and thus lead to unidentified environmental impacts. Current studies discussing the impacts have the problem common in that they arrive either at conflicting or un-generalisable results. This article addresses the issue of methodology and proposes an assessment model for the resolution of this problem. Some important implications of this novel model for supply chain management are presented. This article shows that the subject of "Greening supply chains" is in need of a new focus and direction in research which involves building a new set of constructs for decision-making. Several benefits of this are addressed. Research in this subject is somewhat stagnating nowadays; it lacks specific research themes that are necessary for the integration of the available knowledge. Our model, proposed in this paper, represents a meeting point of the need of renewal of this subject, and the need to evaluate large-scale issues such as electronic commerce.
Introduction
Discussing the topic of environmental consequences of electronic commerce (E-commerce) will concern several research areas, including the area of the subject of "Greening supply chains". In this topic, three perspectives are involved: E-commerce, Logistics/Supply chain management (SCM), and Environmental science. For the environmental science side, E-commerce is just a business concept and cannot be evaluated as is. But, it is possible to evaluate it by assessing the influence it has on the processes of supply chains. In brief, an environmental assessor will be interested in looking at the changes arising in supply chains when using E-commerce. Is this of any importance? E-commerce is expected to influence a wide range of man-made systems of the industrial infrastructure, including systems of manufacturing/production, transportation, packaging, warehousing, etc. Moreover, E-commerce is at the very departure to be an effective trading channel. That is why this chance should be invested in environmental investigations before the environmental abatement measures become difficult to implement in the future. The impact is as yet of unknown extent and will arise in uncertain ways.
In addition, the topic of environmental assessment (in general) is of importance to the development of the logistics/SCM discipline. In general, the subject of "Logistics/SCM and Environment" should have two lines of discussion: the assessment, and the measure implementation. The assessment discussion develops through the availability of two themes: "assessing the impact of logistics on the environment" and "assessing the impact of the environment on logistics" [1] . In [1] , the authors demonstrate that the logistics/SCM-related journals have considered only the second theme and did not treat the first. In addition, based on a content analysis work, they show that in fact these journals have treated the subject concerned notably less than any other subject established in the field. These results have led to the question as to whether it can even be considered an established subject. These two themes of assessment are complementary and feed into each other continuously; missing one of them weakens the development of this knowledge. This is one reason why research in greening supply chains is somewhat stagnating.
The literature to date on the environmental implications of E-commerce indicates a limited knowledge. The total literature is primarily in the form of pilot studies, anecdotal arguments, and a limited number of life cycle assessments, with the problem common in that the results are either conflicting or un-generalisable [2].
Purpose
The purpose of this paper has been to shed light on this problem in relation to the assessment methods used, and within this frame, we propose a novel assessment model that builds on and expands the current, commonly used method. As a consequence, an important objective has been to show that the topic of "E-commerce and the Environment" contributes immediately to the knowledge of "Logistics/SCM and the Environment", as one implication of the proposed model. Ultimately, the aim has been to focus attention on the fact that, in order to further develop this model, requires that a new set of constructs for decision-making in "Logistics/SCM and Environment" be developed.
Methodology
This paper is based on an extensive survey across several disciplines, such as logistics/SCM, environmental science, manufacturing, production, and operations management. This survey sought several topics in interdisciplinary environmental knowledge. The aim has been supporting a work on concept development for the sake of proposing an assessment model to resolve the problem of conflicting results/un-generalisability. The second purpose of this survey task was to serve as the source of evidence (input) for the carry out of this assessment, due to the nature of the model structure, which will be described later. This survey was conducted by looking at each issue/volume of 29 selected journals published over a period of ten years (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) Regarding the application/empirical side of the model, the results of the survey, which is supposed to be the source of evidence into the model, have led to some limitations; the evidence needed is very limited. (This limitation, as a by-product of the work, has led to discover a significant gap in some types of environmental knowledge for SCM; further discussion is presented later.) However, based on the available evidence, we present two tentative examples of how a change from one strategy of supply chains to another can be looked at from an environmental point of view. The two examples are: a. Adopting the Just-In-Time strategy, and b. Changing from one type of postponement strategy to another. The Delphi method, for instance, could have been utilised as an alternative to the survey; however, some limitations in our project did not permit such an experiment. More discussion on the model, type of evidence, and the two examples will be provided.
Evaluating E-commerce
This section presents a supporting background before proposing the novel model and then the two examples. The section concludes with a discussion on the empirical side of the model and directions for future considerations.
Background E-commerce
Several definitions of E-commerce can be found. One definition is: "any form of business transaction in which the parties interact electronically rather than by physical exchanges or direct physical contact" [3] . Another, similar definition is: "a critical component of supply chain management that includes the conduct of any business transaction using digital rather than physical means" [4] . Generally, when studying E-commerce, several demarcations have to be specified such as: the merchandise type, geographical borders, supply chains spectrum either B2C or B2B or both, the market share as a competing trading channel, etc. Several factors [5] , such as cost, human factors, access to Internet, etc., will differently determine this market share according to the type of merchandise/product. One more demarcation is the impact form, which comes basically in three forms: primary (infrastructure effect), secondary (application effect) and tertiary (rebound effects) [6, 7, 8] (Table 1 ). This classification does not indicate any type of ranking or preference; it is only a sort of categorisation. At the end, as can be realised that the total demarcations will form several combinations of studying levels -"magnification levels".
Environmental Assessment Methods
Among several methods, the most commonly used for assessing the impacts on the environment is, generally, the Life Cycle Assessment (LCA) [9] . It is an internationally standardised method and is mentioned within the frame of ISO14000 International Environmental Standards [10] . Similarly, there is a clear dominancy in the literature on "Logistics/SCM and the Environment" to utilize LCA [1] . Behind this might be several reasons. An important one is that LCA has a similar principle of SCM in having a holistic view over the chain of processes/stages that the products pass through: from raw material extraction to manufacturing, distribution, and use until disposal [10] .
E-commerce & the Environment
Consequently, there is a clear tendency to use LCA as the favoured method by which to discuss the environmental effects of E-commerce. In spite of the fact that LCA is normally conducted for a specific product across a supply chain; however, it was used here to evaluate a technology, namely, E-commerce. 
Demarcations
One demarcation for our research work is that its concern is only for E-commerce and not for IT (information technology) or Internet. Readers often meet several different terms for instance IT, ICT (Information and communication technology), Internet, EDI (Electronic data interchange), and E-commerce. E-commerce is one activity among several services (emailing, chatting, presenting oneself, researching, etc.) provided by the Internet, which is one type of IT. We are concerned with evaluating E-commerce only, not evaluating Internet with all its activities.
A second demarcation is the focus on the secondary effects, i.e. those effects of the use/application of E-commerce infrastructure (Table 1) . Whereas the primary effects are concerned, to a limited extent, with the waste of electronic equipment at the end of their life, the secondary effects are of a higher complexity and interacting events. The tertiary rebound effects are important, but they are more likely to represent human behaviour.
A Proposed Model of Assessment
The purpose of the forthcoming discussion is to build the reasoning for the problem behind using LCA. This results in a novel model of assessment that expands the capacity of LCA, not in its regular form, but in a cross-disciplinary supply chain management language framework. The model will be based on two pillars as presented next.
The First Pillar
The first pillar is the holistic assumption that is found in the Systems Approach school [11] : If an impact, in some form and amount, occurs at a point somewhere in a system, this impact might be compensated for at another point somewhere else in a similar or different form or amount (for the convenience of the paper, we would call this assumption "impact compensation"). Several arguments in the literature reflect this view, as follows: For example, "a switch to the use of a material that is more readily recycled may seem like an environmental improvement on the face of it. However, such a change may introduce different production processes upstream in the supply chain, perhaps, for example, releasing larger amounts of ozone-depleting gases than was previously the case. Such contingent effects need to be taken into account" [12] . Another example is when switching to a strategy like Just-In-Time (JIT). This may seem like an environmental improvement, as it contributes to reducing the size of warehousing, but "JIT usually requires the supply of materials in smaller lot sizes with more frequent deliveries. This may cause greater transportation and packaging-related environmental problems" [13] . Some further arguments can be found also in the production/manufacturing field. Some critics point out "that reducing one factor of production may increase another. Efforts to increase the efficiency of throughputs may lead to a greater production of waste. Reducing inventory, for example, may lead to a greater production of waste. The small batch size production inherent in lean production entails more frequent changeovers, and these changeovers might require cleaning of production equipment and disposal of unused process material" [14] . Also in the logistics field, it looks that "the nature of logistics management is cross functional and integrative and since so many logistical activities impact on environment," and therefore "to minimise total environmental impact, it must be evaluated from the total system perspective" [15] .
The Second Pillar
The second pillar is based on the idea that E-commerce should not be regarded as a pool of products, but as one of three components in man-made systems: the process that produced the output, the technology used to execute the process, and the decisions/strategies that control the forms, conditions and location of the process. As these systems are un-natural and need to be assessed and monitored, consequently the assessment should be performed around three central axes:
1. The Process/Product axis, 2. The Decisions/Strategies axis, and 3. The Technology axis.
Matching these axes as a basic conceptual structure to a supply chain, and drawing horizontal lines to represent four main physical processes 
The Whole Picture
The model is diagrammed in Figure 1 . We suggest that there are five distinct levels for performing an environmental assessment. Whereas level 2, for example, is considered a "micro" assessment, level 4 is relatively "macro", because the assessment has a "broader perspective" in the latter level. In other words, the system boundary is relatively larger for level 4 than level 2. One clarifying example of how sensitive this point is an LCA study assessing E-commerce [17] . This study got negative figures for the total impact when the boundary was set to B2C only, and contrary positive figures when the boundary was set to B2B and B2C together. Therefore, a full-scale (i.e. both vertical and horizontal) assessment would allow us to gain a more realistic picture of the situation in E-commerce. The vertical might be performed in level 3 (by LCA), but it should preferably be in 4 or 5, although these latter would encounter a difficult obstacle concerning data collection and quality; sometimes it might even be impossible to handle. This is because when the study boundary becomes as large as a region or state or global, a considerable number of assumptions will have to be made, complicating as a consequence the process of collecting emission data. While the agenda of researchers nowadays, by the use of LCA, is in fact considering performing vertical assessments only, the horizontal work (the missing axis) is our focus in the next section.
Figure 1
The levels and axes of environmental assessment Normally done with LCA ISO14000 is recommended
Towards Developing Horizontal Environmental Assessment

Data and Application
The source of data (evidence) as an input to the model is the trans-disciplines literature, because the types of evidence needed are basically two (refer to Figure 2 ): 1. The conclusions drawn on how the SCM strategies are seen from an environmental perspective, and 2. The conclusions drawn on what virtual changes will take place in utilising SCM strategies (from one strategy to another) due to the object of assessment (in our case it is E-commerce). There are many strategies, such as Just-In-Time, postponement (of different forms), decentralisation, centralisation, differentiation, standardisation, customisation, etc. So, the conduct of the horizontal assessment is to judge/evaluate the change in strategies by E-commerce from an environmental perspective.
Figure 2
Types and source of evidence necessary for input to the horizontal assessment; E-commerce as an example 
Studies on E-commerce influence on Logistics/SCM
Example 1 -Adopting Just-In-Time Strategy
This example is about evaluating the adoption of Just-In-Time strategy. Several driving forces, including E-commerce, can be behind accelerating this change.
-Step One: Collecting evidence
The available evidence found through our survey is summarised in Figure 3 (appendix).
-Step Two: Conducting an environmental evaluation
One way to conduct an environmental evaluation can be as in the following text:
The opinions, on the environmental advantages and disadvantages of Just-In-Time, can be classified into two main streams:
1. Proponents of JIT believe that JIT will result in lower levels of waste, associated mainly with reducing levels of inventory; meanwhile, 2. Other scholars find that JIT leads to congestion and inferior types of transportation (The "inferior types of transportation" term is clarified by looking at one type of hierarchy, ranking transportation modes from an environmental perspective - Figure 4 ).
In total, from an environmental point of view, JIT appears more optimistic than pessimistic. Although there are critics which contend that reducing levels of inventory may adversely lead to a greater production of waste and more frequent changeovers, the first stream emphasises that when adopting quality standards there is good evidence that reducing levels of inventory leads to lower emissions of chemicals. On the other hand, despite the available empirical and anecdotal evidence on the environmental disadvantages, some scholars believe that the use of combined transport options is a window of opportunity to alleviate the negative impacts. In addition, there is good evidence of some benefits from JIT: supporting pollution prevention/source reduction plans, and reducing set-up times in manufacturing.
Example 2 -The Change in Postponement Strategy
This example is about evaluating the change from one type of postponement to another. There are four main types of postponement as summarised in Figure 5 [20, 21, 22]. Several driving forces, including E-commerce, can be behind accelerating changes in postponement forms.
-Step One: Collecting evidence
The available evidence found through our survey is summarised in Figure 6 (appendix).
-Step Two: Conducting an environmental evaluation
One possible plan for conducting this evaluation is presented in Figure 6 (appendix). The idea is to simulate a SWOT analysis, but will be referred to as: "environmental SWOT analysis;" nevertheless, there might be other possible plans/procedures. Worth mentioning here is that a similar tool has been used for the topics of "corporate business and environment", recommended for improving corporate environmental policy [23] . But, the difference is in substituting the usual words "Strengths" and "Weaknesses" by "Advantages" and "Disadvantages", in order to avoid misleading judgments.
The main benefit of this way of doing the analysis is to see the fishbone tree of cause and effect, and see where the black spots lie: Is it more about transportation effects that lie in one or another strategy? Is it mostly effects of production processes that dominate at one or another point? For weighting the advantages and disadvantages against each other, this must be applied at a country/regional level. Although one criticism points immediately to the difficulty of how to weight, for example, "less land use impact" with "higher setup of a manufacturing process," a scale or a ranking system can be developed according to the conditions of a country/region. Unfortunately, this work is beyond the scope of this paper and has been left for future research.
Another critique is that it is not easy to generalise and state that a specific type of postponement will dominate the market. In addition, it is difficult to predict the type of shift E-commerce will lead to specifically. It might happen that a mix type of postponement strategies take place in the market, although some scholars [21] believe that "catalogue sales and E-commerce (…) employ a logistics postponement strategy". This is in the sense that "there have been a number of industry-wide initiatives in recent years to postpone logistics. Just-In-Time shipping, Efficient Consumer Response, Quick Response and Supply Chain Management strategies have all shortened the supply chain (except when the strategy's only effect was to push inventory carrying costs onto suppliers)". 
Conclusions and Implications
Our research shows that the subject of "Greening supply chains" is in need of a new focus and direction in research. Such a new direction should involve building new constructs for decisionmaking, by performing environmental assessments of the different known-to-date supply chain strategies such as: Just-In-Time, postponement, customisation, modularisation, centralisation, decentralisation, differentiation, standardisation, to mention only a few. This need is emphasised through a number of its rewarding benefits. The first benefit is the potential to activate this subject, which at present appears stagnating. A second benefit is helping in carrying out complex environmental assessment for large-scale issues such as E-commerce. Our proposed model in this paper is another helping contribution to this complex assessment. Using Life Cycle Assessment alone is not an appropriate methodology; our proposed, two-dimensional model is the proper approach to gain a more realistic picture. A third benefit is the potential to build the missing theme (in the Logistics/SCM-related journals): "assessing the impact of logistics on the environment," but in a framework of language and terminology that suits the logistics/SCM discipline. This theme complements the other theme: "assessing the impact of the environment on logistics," which in fact represents what is nowadays known as "Greening supply chains". The two themes together, feeding into each other and forming a more complete picture, would represent knowledge for, instead, a larger umbrella: "Logistics/SCM and the Environment". Our proposed model for assessing E-commerce contributes in this regard by its structure (vertical and horizontal assessments) and by connecting environmental concepts such as the Life Cycle Assessment with logistics concepts such as postponement in supply chains and other miscellaneous strategies of supply chains.
Adopting these ideas and developing the proposed model of this paper in the future agendas of logisticians will be an interesting gateway to the renewal of environmental issues of logistics/SCM. One more benefit why logisticians should take an effective role in this type of assessment ("assessing the impact of logistics on the environment") is that today many papers on environmental science regard logistics as merely a "transport activity". A logistician with environmental assessment interests can bring a better understanding to this field than an environmental scientist with insufficient background in the logistics/SCM discipline.
Figure 3
The evidence collected for the Just-In-Time example "Environmental Advantages" of JIT King and Lenox [14] , in their review, state that "the 'good housekeeping' practices associated with lean production have the subsidiary benefit of reducing spills and other forms of waste. Hence, scholars propose that the adoption of lean production practices will improve the environmental performance of manufacturing establishments". King and Lenox [14] find "strong evidence that establishments that minimize inventory and adopt quality standards are more likely to have lower emissions of toxic chemicals, and these facilities reduce emissions through pollution prevention rather than end-of-pipe treatment of waste". They propose that "lean production is complementary to environmental performance" and that "adoption of lean production may lower the marginal cost of pollution prevention," showing that "lean production is associated with greater source reduction (pollution prevention)".
Klassen [31] "observed links between investment in JIT and improved environmental performance". He finds that "increasing the allocation of investment in environmental initiatives to pollution prevention, instead of pollution control or management systems, improved delivery performance". This study emphasises though that "when implementing JIT, production managers should try to also capture elements of pollution prevention" and "yet, joint implementation of JIT manufacturing and pollution prevention is an important step toward more sustainable manufacturing practices today". In addition, by referring to Lawrence and Hottenstein [32] , Klassen states that "typically, JIT includes reducing setup times in manufacturing and developing supplier partnerships. Successful implementation should reduce lead times and inventory levels, and improve customer service".
"Environmental Disadvantages" of JIT
King and Lenox [14] review that scholars have critics: "efforts to increase the efficiency of throughputs may lead to a greater production of waste. Reducing inventory, for example, may lead to a greater production of waste. The small batch size production inherent in lean production entails more frequent changeovers, and these changeovers might require cleaning of production equipment and disposal of unused process material".
Cusumano [33] and Rothenburg et al. [34] mention that for the reason of reducing congestion and urban air pollution, plants in Japan has altered their just-in-time delivery system, while Sarkis [13] speculates "JIT usually requires supply materials in smaller lot sizes with more frequent deliveries. This may cause greater transportation and packaging related environmental problems".
In McIntyre [35] : "The cost of holding inventory is very high and consequently just-in-time is used. Reducing inventory in this way has a positive effect on cost, but customers are ever more remote and expect faster and more reliable delivery". Sharing a similar view, Matthews et al. [36] speculates an expected "effect of JIT is that deliveries may be made via faster freight methods (e.g. truck or air instead of rail or water)", although it is expected that "reduced inventory levels leads to less pollution". McIntyre et al. [35] , with reference to Cooper et al. [37] , review that "JIT raises fuel consumption as smaller lorries consume more fuel per ton of goods moved than larger vehicles. The use of combined transport options, such as containers using road and rail links, is advocated for environmental improvement".
Figure 6
The shape of analysis suggested in the case of postponement example Opportunities -Use of combined transport options such as containers using road and rail links -Future use of friendly truck system Obstacles -Inapplicability of shifting, for some types of merchandise
